Spatial Transcriptomics allows the sequencing of the complete transcriptomes from barcoded 8 regions of intact tissue. The technology has the potential to answer a wide range of biological 9 questions concerning cellular function, but analysis of the data presents a number of challenges 10 which are not met by existing analysis tools. Here we present Spaniel, an R package providing a 11 framework for analysing and sharing Spatial Transcriptomics data. 12
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Main 13
Whilst technologies such as single cell RNAseq provide tools for dissecting cellular heterogeneity, 14 dissociation of the tissue mean that information about spatial relationship of the cells is lost. Spatial Here we introduce Spaniel, an R package which provides a framework for analysing and sharing 32 Spatial Transcriptomics data. Spaniel provides methods for thorough quality control, visualisation 33 and pre-processing of the data. It uses two pre-existing S4 objects designed for single cell analysis, each row corresponds to a gene and each column corresponds to a spot coordinate. To create the 47 expression data, from the sequencing data, the paired FASTQ files were demultiplexed with a 48 publically available perl script 49 (https://github.com/tallulandrews/scRNASeqPipeline/blob/master/0_custom_undo_demultiplexing. 50 pl) using the spatial barcodes encoded in read 1. Read 2 from successfully demultiplexed pairs were 51 trimmed for quality using Trimmomatic version 0.36 6 . A reference was created using Ensembl 52 mouse reference genome Release M20 (GRCm38.p6). The trimmed reads were aligned to this 53 reference using STAR version 2.5.3a 7 in single read alignment mode. The number of reads were 54 quantified using HTSEQ version 0.6.1 8 and a count matrix was created. The H & E images were 55 cropped to region around the edges of the spots and resized to 1000 x 1071 pixels with a resolution 56 of 72dpi using a photo editor. 57
Spaniel includes a series of tools to aid the quality control and analysis of Spatial Transcriptomics 58 data and is designed to be used alongside existing tools to aid integration of multiple datasets. It 59 includes functions to create either a Seurat S4 object or SingleCellExperiment S4 object which are 60 designed for single cell experiment analysis and contain slots for both expression data and 61 metadata. The package provides function to import a raw count matrix file and a barcodes text file. 62
The barcodes can be either be barcode file provided by Spatial Transcriptomics giving the 63 coordinates of each probe or adjusted barcodes obtained by pre-processing the image using ST Spot 64
Detector. The Scater R 9 package is used to calculate QC metrics for SingleCellExpeiment objects. 65
Spaniel also provides a function to create a rasterised grob, compatible with ggplot2, from a pre-66 processed H&E image which is used as the background image for the plots. In this example, the 67 sample is from the mouse olfactory bulb which is a multi-layered structure found in the forebrain of 68
The ST_plot function provides a method to visualise metrics contained within the Seurat object 70 overlaid onto the image of the tissue. This plot can be used initially as a quality control step as well 71 as to visualise different clustering solutions or gene expression of specific genes. 72
Quality Control is a crucial first step in the analysis of this data. By inspecting the number of genes 73 and number of reads per spot, using the ST_plot function, it is possible to pinpoint potential 74 problems with the data that may confound downstream analysis. For example, spots which fall 75 outside of the tissue with high number of counts may be an indicator of overall background RNA 76 contamination. Figure 1B 
